Background: Pigmented villonodular synovitis (PVNS) is characterized by the presence of inflammation and hemosiderin deposition in the synovium. Two forms of PVNS distinguished in the literature are diffused and localized involvements. There are controversies in the literature about the surgical management of PVNS. We report our experience in the management of knee PVNS at a mean follow-up of 4 years. We also introduce our preferred method of treatment for these patients.
Introduction
Pigmented villonodular synovitis (PVNS) is a condition of the synovial membrane that is characterized by the presence of inflammation and hemosiderin deposition in the synovium. The PVNS was introduced in1852 as a neoplastic process (1) because of its unrelenting growth pattern, capacity to erode surrounding bone and joint tissue, and high recurrence rate after resection. In 1941, however, Jaffe et al (2) presented the pathologic entity as a synovitis, thereby MJIRI, Vol. 28.123. 29 October 2014 http://mjiri.iums.ac.ir shifting the focus from a neoplastic process to an inflammatory one. The incidence of PVNS is 1.8 patients per million, equally affecting both genders in third and fourth decades of life.
Two forms of PVNS that are distinguished in the literature are diffuse (DPVNS) and localized (LPVNS) types (3, 4) . The localized form principally affects those between 30 and 50 years of age with a female predominance. The diffused type is a rare, usually benign proliferative lesion that develops in the synovium with an incidence of two per million people annually, in patients < 40 years, with an equal distribution. The knee is the most commonly occurring site (5) .Although considered to be a benign lesion; the diffuse form is more aggressive, with a high recurrence rate after surgery (25% intra articular and 25% to 50% extra articular disease) (6) .
There are controversies in the literature on surgical management of the PVNS between arthroscopic (7, 8) and traditional open synovectomy (9, 10) . Management options for PVNS include radiation induced, arthroscopic, and open synovectomy. There is no method of choice in treatment of diffused forms
We report our experience in the management of knee PVNS at a mean follow up of 4 years in ShafaYahyaeyan Hospital. We also introduce our preferred method (staged method) in the treatment of diffused forms.
Methods
Between January1996 and February 2012, 26 patients (26 knees) with histologically proven PVNS of the knee were enrolled from the Shafa Yahyaeyan Hospital. Informed consent was obtained from all included patients.
Both localized and diffused forms were included in this series. The follow-up was calculated from the date of surgery to the last follow-up entry in the records. Postoperative complications, recurrence and treatment details were recorded. Anteroposterior and lateral radiographs of the knee were performed to exclude other pathologies and for evidence of osteoarthritis. Aspiration cytology was carried out in patients who presented with a true haemarthrosis.
In all cases, a MRI scan was ordered for better evaluation (Fig. 1) . Biopsy was carried out in 15patients. For other 11 patients whom their MRI evaluation was completely diagnostic, biopsy was sent in the same operation. Synovial specimen was sent for histological examination. Annual clinical follow-up was continued in all patients at least for 2 years. A follow-up MRI scans was ordered for symptomatic cases. All knees were examined according to the KSS score before and after surgery, graded from excellent to poor.
Our surgical method of choice:
In this method we first approached posteriorly in prone position with lazy-S skin incision. After isolation of neurovascular bundle two (Fig. 2) . After complete excision of the tumor body, capsule was repaired and both heads of the gastrochenemious were reattached to their remnants. Then patients underwent aggressive physiotherapy for regaining range of motion using a continuous passive motion (CPM) machine. After achieving the complete range of motion, the second staged anterior approach was performed with standard anteromedial knee arthrotomy. This method seems to be effective because all patients regained complete range of motion in a few days and no patient needed further knee manipulation. Also, KSS score was increased significantly in these patients. It seems that for open approach in diffused type at first posterior approach then anterior approach is a superior method. In posterior approach the surgeons must consider that this is the first and last operation of the patient and all tumor body have to be resected.
Data were reported as mean SD and frequency and relative frequency. The paired test were used to compare before and after differences. ANCOVA test also used for multivariate analysis. A p value of less than 0.05 was considered statistically significant. SPSS version 13 was used for statistical analysis.
Results
A total of 26 patients were enrolled with histologically proven PVNS in this study. About 69% (18 cases) were female and 31% (8 cases) male. The presence of locking or pseudo locking was the predominant mode of manifestation in the localized disease, whereas recurrent joint effusion and spontaneous onset mild pain of chronic duration was the common presenting symptom in all diffused varieties.
Mean (±SD) age was 28.2±12.37 (range, 13-67 years). About 58% (15 cases) had diffused involvement of the knee joint and 42% (11 cases) had a localized form of involvement. In the localized form one patient had posterior involvement and 10 patients had anterior involvement. Mean (±SD) follow-up was 4.6±3.24 years (range Histological appearance was largely similar in both localized and diffused forms. Proliferating polyhedral, mononuclear, synovial cells are the most important, predominant lesion-defining cells in PVNS. Presence of both intracellular and extracellular hemosiderin deposits is quite characteristic of PVNS. Foamy histiocytes, mononuclear cells, giant cells and chronic inflammatory infiltrate (CINF) were the remaining cellular population.
From 5 cases (23%) with diffused involvement, due to the intact posterior capsule and also largely upon the surgeon's preference, 4 cases underwent subtotal synovectomy with anterior arthrotomy and synovectomy, and arthroscopic subtotal anterior synovectomy was performed in one case. These patients were nonsymptomatic and there was no need for another operation in their follow-up. In 21 cases (77%) total synovectomy was performed. Two cases had full arthroscopic anterior and posterior synovectomy, 2 cases had anterior arthroscopic surgery, 1 case had posterior arthroscopic surgery, Recurrence was identified clinically by pain and swelling and confirmed histologically.
Two patients (7.
There were no complications in the form of knee instability, infection or neurovascular injury. Two patients showed moderate to severe osteoarthritis before and in their follow-up radiographs, one of which underwent total knee arthroplasty, while the other patient was adequately coping with her symptoms on her last follow-up. All data are shown in Table 1 and 2.
The mean (±SD) of pre-and postoperative KSS were 63.1± 6.68 and 77.8± 9.29, respectively. This difference was significant (p<0.009). The KSS scores before and after surgery in patients who underwent staged posterior and then anterior approaches were 62/66±4/45 and 83/33±6/34: in which the difference was significant. In a comparison between new vs. routine methods, the adjusted pre operation KSS score (ANCOVA) showed a significant difference (Fig.3) .
Discussion
Diagnostic dilemma can occur in PVNS, not only at the clinical and radiological levels, but also while choosing the best treatment. Our experience with treatment of knee PVNS with a mean follow up of 4 years supports the proponents of an aggressive surgical treatment. Our cases had a mean age of 27 years and a female preponderance (18F: 8M). This was non comparable to the literature which described PVNS as most commonly affecting adult patients in their third or fourth decades of life, and occurring with equal sex distribution (1,3-5,11).There is no documented study in Iran showing predominant sex in PVNS, but in our study females are predominant, which may be due to genetic bases of Iranian population (Table 1) .
Although there are several hypotheses for the PVNS, but the etiopathogenesis still remains unclear. Some more important ones are, for example, inflammatory synovial hyperplasia, benign neoplasm of unknown etiology, abnormality of local lipid metabolism, repetitive trauma and hemorrhage. The main etiology of PVNS has been proposed to be precipitated by trauma, proposing a hyper vascular cellular phase subsequent to trauma produced by hyalinization and fibrosis (1) (2) (3) (4) (5) Previous history of trauma to the affected region can be found in approximately 50% of patients. In our study 15 cases (58%) recalled trauma which is comparable to other studies. We believe that these patients probably thought of the trauma as a possible reason for the disease or their deterioration. Recurrent joint effusion, spontaneous onset mild pain and synovial swelling were the common presenting symptoms in all diffused varieties in our series.
This entity has been classified into three categories on the basis of clinical presentation: (a) isolated, discrete lesion occurring within a tendon sheath, most often seen in the hand, (b) localized pigmented villonodular synovitis (LPVS), occurring most commonly in the knee and presenting most commonly with mechanical symptoms, and (c) generalized pigmented villonodular synovitis (DPVS), presenting with chronic pain and edema, most commonly in the knee, hip and ankle (12) .
In our study, 11 patients (42%) were diagnosed with localized forms (3 patients were treated arthroscopically and 8 patients had open synovectomy). In the remaining 15 cases (58%), the diffused form of the disease was noted and 5 cases had subtotal synovectomy. In these cases only anterior open subtotal synovectomy was performed in 4 cases and one underwent arthroscopic subtotal synovectomy (Table 1 , case 20). In these cases, because the intact posterior capsule and surgeon's preference, posterior Surgical treatment of knee PVNS is controversial. Total synovectomy, open or arthroscopic, for the diffused form (recurrence common), local excision for the nodular form (recurrence rare) and radiotherapy in the management of recurrent and residual lesions have been described with varying success in the literature (1,3-5,7) .
In this study for the 3 localized forms of PVNS (two in anterior part, one in posterior part) arthroscopic total synovectomy was performed and no recurrence was found after operation in their follow-ups (Table  1,case 12, 13, 14) . These patients had full knee range of motion and their KSS score increased significantly.
In contrast, four patients with a localized form of the disease, experienced significant decrease in range of motion when anterior open synovectomy was performed and they had undergone knee manipulation during their follow-up and unfortunately only two of them improved afterwards. There is a significant incidence of loss of range of motion with pain after an open synovectomy operation, primarily associated with a para patellar incision (7) . In a clinical outcome of the patients reported by Chiari, C. et.al,(1), 8 cases required manipulation under anesthesia due to loss of motion after open synovectomy, and in our study, only 4 patients with the localized form of the disease who underwent anterior medial para patellar approach had significant loss of range of motion, but unfortunately only two of them had improvement in range of motion with manipulation under anesthesia (Table 1,case 9,11).
In the diffused form (a total of 15 patients), 10 patients underwent total synovectomy in which 6 of them had staged posterior and then anterior total synovectomy (Table 1,case [12] [13] [14] [23] [24] [25] .
In these 6 patients the KSS score increased significantly and since there was no damage to the extensor mechanism, patients' range of motion was fully intact in the final assessment. After first stage posterior approach, physical therapy was given and after regaining full range of motion the second stage anterior approach was performed. As it is shown in Figure 3 , the post-op score between this group and those who received a routine approach had a significant difference, implying that this approach has better results.
Only in two patients with diffused form an arthroscopic total synovectomy with anterolateral, anteromedial and posteromedial portal was performed ( In majority of cases, plain radiographs were normal, although, bone erosions were present in 33% to 56% of diffused PVNS (9,11,13). Our study had two patients with the diffused PVNS, with moderate to severe osteoarthritis and finally one of them underwent total knee arthroplasty during her follow-up (Table 1,case 16 ).
The appearance of PVNS in MRI imaging consists of multiple synovial lesions with low or intermediate signal intensity on T1-weighted images, low signal intensity on T2-weighted images and gradient-echo images (4, 14) . Also all patients in our study had this diagnostic finding in their MRI. Because of the diagnostic findings in the MRI and arthroscopy, biopsy was not performed in 11 patients (out of 26) before surgery. All patients had histological confirmation after operation.
Classic microscopic findings included: all-important lesion-defining proliferating polyhedral, mononuclear synovial cells, hemosiderin deposits both intracellular and extracellular, foamy histiocytes or mononuclear cells and giant cells (3, 4, 11) .
The recurrence rates for diffused forms of PVNS vary greatly from 5% to 35% in literature (1, 6) . Arthroscopic treatment most likely results in recurrence of the lesions and a high recurrence rate is associated with diffused lesions (15) .Two cases (7%) of this study had recurrence of PVNS (Table 1,case 1,4) which is comparable to other studies. These patients had a diffused form of PVNS and one of them underwent arthroscopic resection in the anterior part and open resection in the posterior part. Another one of the patients had full arthroscopic resection of the tumor.
Radiation therapy was not used in our patients as we had concerns regarding radiation-induced sarcomas in young patients; nevertheless, some research studies have found it useful for residual, recurrent and large primary lesions (7, 16, 17) .
Conclusion
This study showed that PVNS of the knee joint especially the diffused form should be carefully observed and managed by appropriate investigations and satisfactory treatment planning to obtain optimal outcome. Staged open total synovectomy with initial posterior approach and then, after regaining full range of motion, the anterior approach, is our treatment of choice for diffused forms due to its good results. The anterior localized form can be dealt with arthroscopic total synovectomy with good results.
